The authors report on 3 infants below 6 months of age at diagnosis, with cervicomediastinal neuroblastoma who presented with life-threatening tracheal obstruction as an oncologic emergency. These neuroblastomas were characterized by favorable biology and chemoresistance. All initially grew rapidly before spontaneously regressing. Nerve injuries occurred in all patients as a result of tumor location. Maintenance of the airway until the expected spontaneous regression was a critical component in the management of these patients.
N euroblastoma (NB) in patients below 18 months of age is characterized by a favorable biology and good prognosis, although some show rapid growth or metastasis to the skin, liver, or bone marrow. 1, 2 As most tumors spontaneously mature or regress, conservative management is recommended. [3] [4] [5] [6] The present report describes 3 infants presenting with life-threatening tracheal obstruction secondary to a rapidly enlarging cervicomediastinal NB and discusses the management of this rare oncologic emergency.
CASE REPORTS Case 1
This male neonate was born at 39 weeks of gestation with a birth weight of 3002 g. Apgar scores were 4 and 5 at 1 and 5 minutes, respectively. The patient was intubated immediately because of respiratory distress. At 1 day of age, the chest x-ray and CT scan after intubation demonstrated a large right-sided cervicomediastinal mass, compressing the trachea and the right bronchus (Figs. 1A, B) . As compression of the distal trachea and the right bronchus was not relieved by intubation, emergent subtotal resection was performed at 2 days of age. The tumor histology was a NB with favorable histopathologic features according to Shimada's classification. The tumor showed hyperdiploidy, no amplification of MYCN, and a low mitosis-karyorrhexis index (MKI). 7 The patient was extubated on postoperative day 2 and exhibited upper extremity paresis. Although chemotherapy with vincristine and cyclophosphamide was initiated at 4 weeks postoperatively, the residual tumor grew aggressively with increasing urinary excretion of vanillylmandelic acid (VMA) and homovanillic acid (HVA). On the 66th postoperative day, the trachea was suddenly reoccluded. The patient was resuscitated; however, he developed an ischemic brain injury. The tumor began to regress gradually without chemotherapy around 6 months of age with decreasing levels of urine VMA and HVA. By 2 years of age, the tumor had completely regressed.
Case 2
A 6-month-old male infant developed cyanosis, respiratory distress, and Horner triad. Chest x-ray and CT demonstrated a leftsided cervicomediastinal tumor with calcification, lymph node metastasis, and deviation and stenosis of the trachea (Figs. 1C, D) . The patient was referred to our hospital after endotracheal intubation. Bone marrow metastasis was present on an aspiration biopsy. The tumor showed high excretion of urinary VMA and HVA, favorable histology with intermediate MKI, hyperdiploidy, high mRNA expression of TrkA, and no amplification of MYCN. Despite 3 courses of chemotherapy using vincristine and cyclophosphamide, the tumor grew in size with increasing urinary excretion of VMA and HVA. Subtotal resection was performed to relieve the tracheal obstruction at 8 months of age. Postoperatively, left phrenic nerve palsy was observed. One month after surgery, thoracoscopic plication of the diaphragma was successfully performed, and the patient was extubated. The patient was observed without postoperative chemotherapy. Although there was progression of the lymph node metastases, the urinary excretion of VMA normalized by 21 months of age, with corresponding regression and calcification of the primary tumor.
Case 3
This 1-day-old male infant with a large left cervicomediastinal tumor (Figs. 2A, B ) was referred to our hospital. He was immediately intubated and managed with mechanical ventilation due to severe airway obstruction and left phrenic palsy due to the tumor (Figs. 2A, B) . Metastases to skin, liver, lymph nodes, and bone marrow were noted. Urinary excretion of VMA and HVA was elevated. The tumor showed favorable histology with low MKI, hyperdiploidy, and no amplification of MYCN. He was observed without any chemotherapy. Three weeks later, he developed marked abdominal distension due to massive liver metastases and deteriorating his respiratory function despite ventilatory support. A single low dose radiation treatment (1.5 Gy) to the liver effectively suppressed the growth of the liver metastasis. Low-dose radiation to the growing local tumor was applied in 3 fractions of 1.5 Gy over 41 to 60 days of age with no further effect. The tumor started to regress spontaneously at 90 days of age and the airway compression disappeared by 100 days. The patient was extubated soon after plication of the left hemidiaphragm at 135 days of age. The urinary excretion of VMA and HVA normalized at 320 days of age and the patient was doing well with no evidence of tumor recurrence.
DISCUSSION
NB in infants younger than 18 months, in the absence of MYCN amplification, is characterized by a favorable biological characteristics and a good prognosis with spontaneous regression or maturation. [1] [2] [3] [4] [5] [6] Conservative or less invasive management including observation, low-dose chemotherapy, and incomplete resection are recommended. The present report describes the management of 3 infants with rapidly growing NB presenting with tracheal obstruction. Although life-threatening airway obstruction is an oncologic emergency, management of this complication of infantile NB is not well described. 8, 9 All 3 of the present NB patients showed favorable biological features. Chemotherapy with vincristine and cyclophosphamide was utilized for 2 patients (cases 1 and 2), but was ineffective, although some reports have suggested that unresectable NB without MYCN amplification in infants can be effectively treated with low-dose chemotherapy. 10, 11 Possibly, a combination of carboplatin and etoposide may have been another choice of treatment. 11, 12 However, urgent surgical resection was required to relieve the airway obstruction in cases 1 and 2. In case 1, subtotal resection was immediately performed as an oncologic emergency as the airway obstruction was not relieved by intubation. Although the patient was extubated shortly after surgery, invasion of the tumor into the brachial plexus resulted in intraoperative hemorrhage and upper extremity paresis. The tumor continued to grow aggressively postoperatively. In case 2, the patient was treated conservatively after intubation with chemotherapy and did not respond. Tumor resection was performed to permit extubation; however, diaphragm plication was required to address postoperative phrenic nerve palsy. In case 3, the patient presented with phrenic nerve palsy. As chemotherapy was considered to be ineffective as in cases 1 and 2, the patient was initially observed without any treatment after intubation. A partial response, particularly of liver lesions, was obtained with low-dose radiotherapy; however, the primary tumor did not respond. Although radiotherapy is commonly not applied to low-risk NB, our experience and that of a prior report suggest that radiotherapy rather than chemotherapy may be the optimal treatment to address some complications of a rapidly growing NB. 13 Although all 3 patients could survive, they suffered from severe neurological sequelae, including upper extremity paresis and ischemic brain damage in case 1 and left phrenic nerve palsy in cases 2 and 3. It should be borne in mind that some of these were definitely associated with surgery.
The primary management goal of infantile cervicomediastinal NB is preservation of the airway. Chemotherapy is generally ineffective and irradiation generally produces only partial response. Although the attempt to avoid surgery should be made as much as possible, urgent surgical resection may be required to relieve airway obstruction in some cases. Although most of these NBs eventually spontaneously regress, complications frequently result from rapid growth compromising the airway and major nerves before regression.
